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1.0 INTRODUCTION

The decommissioning of a facility on the Hanford Site requires that a dose
assessment be performed utilizing the Allowable Residual Contamination Method
(Reference 1& 2). A Department of Energy letter dated July 3, 1984, from
the Manager, DOE-RL, ( Reference 3) specifies that the annual whole body dose
or organ dose to a member of the public living at the decommissioning site
at the time the site is released to the public, will be less that 25 mrem/yr.
The established goal of decommissioning on the Hanford Site is to strive to
meet the 25 mrem/yr limit at the time of decommissioning. If it is not
possible to meet this goal because of extensive cost or exposure to personnel,
the limit will be met at time = 100 years post-decommissioning.

The purpose of this report is to document the estimated dose impact to the
maximally-exposed individual resulting from this decommissioning method and
to show that the annual dose at the site will be less than 25 mrem per year
to the whole body or any organ. The selected method of decommissioning the
1608-H Lift Station was to demolish the facility and bury the resulting
rubble in situ.

2.0 FACILITY LOCATION AND DESCRIPTION

The 1608-H Lift Station Site is located in the 100-H Area within the Hanford
Site on the southwest bank of the Columbia River in southcentral Washington
State (Figure 1). Within the 100-H Area, the 1608-H Lift Station Site is
located approximately 30 ft southwest of the 105-H Reactor Building Fuel
Storage Basin (Figure 2 & 3).

The 1608-H Facility functioned as a lift station to pump effluents collected
from various systems to the 107-H retention basins. The facility was
constructed of reinforced concrete with a concrete block superstructure,
and consisted of a main equipment room floor measuring approximately 30 sq ft,
an accumulation sump, and three pump sumps (Figure 4 & 5). Two of the pump
sumps utilized electric motor-driven pumps, and the third sump utilized a
steam-driven pump. Steel distribution gates were utilized to distribute
liquid from the accumulation sump to the pump sumps. All three pumps
discharged to effluent lines leading to the 107 retention basins via two 12-
in. diameter pipes or the 116-H-2 (1608-H Crib).

3.0 RADIOLOGICAL CHARACTERIZATION

3.1 Initial Survey

Prior to collecting samples for analysis, an initial survey of the 1608-H
Facility was conducted, utilizing a P-11 ("pancake" type) Geiger Muller
probe and an Eberline BNW-1 count rate meter.

A survey of the wall, ceiling, and floor areas of the main floor equipment
room indicated that general surface contamination levels were less than
200 cpm direct beta-gamma contamination. In addition, contamination was
detected around the equipment pedestals on the lower-level floor.

4



SD-DD-Ti-011 Rev. 0

r-'
I"

100 D&DR

100 N

J r ' I
IfI 100 KE&KW\

r_r ^100 8&C^l
YY^^

I
l1

I YAKIMA

U-4L ]I BARRICADE --
200 EAST

200 WEST

l

C,y

I

H-

q
L 1

r
^'a

L

L

ti

100H^

i ^^
100 F I^1 1%

C)
L N

0
^
^
m

9
LF

9

WPPSS
NUCLEAR

WYE
PLANT SITE

BARRICADE /^ .

400 AREA

300`REA

b

Figure 1. Hanford 100 Area Site Map.

5



ew war^ur^turwu^

wK^Y4O^^
W ^yA^^Th^y^UM
IM• ^
IAM

IR^w1

I

-zGiiiE Z-AM!TT!'

Vl

O

O

ti

O

!D

O

Figure 2. 100-H Reactor Area and 117-H and
1608-H

REACTOR AREA

100-H

......,

__4 ^



SD-DD-Ti-011 Rev. 0 LINI-3827

^ V I
105-H Reactor Facility

Ventilation Wing

105-H
119-H Gas Sampling
Building Pad

17

117-H Filter Bldg. ^^
(Burial Site)

^^\y®
^--1608=H Lift Station

(Burial Site)

110-H Gas Storage Building Pad
(Burial Site)

^

L 116-H Stack Burial Trench

\ Below Grade Level

Figure 3: 105-H Reactor Facility Showing
1608-H, 117-H and 116-H Demolition Sites.

7



co

SECTION PLAN

EQUIPMENT ROOM

WEST MIDDLE EAST

SUMP SUMP SUMP

32 f t.

30 f t.

FLOOR PLAN

!M.

i ACCUMULATION SUMP
I I
L -------------------------^-------- ------

T i
I I
I I I I

®
I I
^

I I

M.H.

I I I I ®

WEST iiMIDDLE iiEAST
SUMP ^ ^ SUMP ^^ SUMP

^

a0
^
0

^

O

FIGURE 4. 1608-H AND SECTION PLAN



GROUND

5 M Below
° Point of

Excavatlon
Dernolltlon

Grade

and

m

EQUIPMENT

R11OM

Z
O
H

J

U ^
Q ^

WEST

SUMP

11,4 M

^

^

^

0



SD-DD-TI-OIl Rev. 0

The majority of this area contained contamination levels in the range of
300-500 cpm direct. However, one small area contained contamination levels
in the range of 1,000 - 3,500 cpm direct.

Surveys of the three pump sumps and the accumulation sump indicated general
concrete floor surface contamination levels in the range of 10,000 - 60,000
cpm beta-gamma direct. Surveys of the below water line concrete surfaces
indicated general contamination levels of 2,000 - 5,000 cpm beta-gamma direct.
Surveys of above water line concrete surfaces indicate general contamination
levels of 200 - 1,000 cpm beta-gamma direct.

Surveys of below water line metal surfaces (i.e., distribution gates,
vent/overflow pipes) indicated that the rust scale covering these surfaces
yielded readings of 3,000 - 5,000 cpm beta-gamma direct. Alpha contamination
was not detected with portable radiation survey meters.

3.2 Sampling

Based on the initial survey, ten strata corresponding to the different
contamination levels found in the 1608-H Facility were identified. Following
identification, samples were taken from each of these ten strata. The
following list describes the ten strata and the samples taken from each.

Stratum #1: Sump Floors
This stratum included the accumulation sump and the east and west sump
floors. A total of 6 samples were taken from this stratum. All samples
were taken to a depth of 0.5 cm.

Stratum #2: Middle Sump Floor
This stratum consists of 2 samples from the middle sump floor. These
samples were taken to a depth of 1.0 cm. One concrete core sample was
taken from the center of the Middle Sump (See Section 3.3).

Stratum #3: Sump Walls Below Water Line
This stratum includes the accumulation sump and the east and west sump
walls that were below the water line. A total of 6 concrete samples
were taken from this stratum. All samples were taken to a depth of 0.5
cm.

Stratum #4: Sump Walls Above Water Line
This stratum consists of 2 samples from the middle sump area above the
water line. These samples were taken to a depth of 1.0 cm.

Stratum #5: Sump Ceilings and Walls Above Water Line
This stratum includes the ceilings and walls of the accumulation sump
and the east, west, and middle sumps that were above the water line. A
total of 6 concrete samples were taken from this stratum. All samples
were taken to a depth of 0.5 cm.

Stratum #6: Middle Sumo Ceiling and Walls Above Water Line
This stratum consists of 2 samples from the middle sump area above the
water line. These samples were taken to a depth of 1.0 cm.

10
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Stratum #7: Lower Equipment Room Floor
This stratum includes all floor surfaces on the lower-level equipment
room floor. To ensure a conservative estimate of the inventory in this
stratum, all samples were taken from the contaminated areas identified
in Section 3.1. A total of three samples were taken to a depth of
1.0 cm.

Stratum #8: Upper Equipment Room Floor
This stratum includes all floor surfaces on the upper-level equipment
floor. A total of 2 samples were taken to a depth of 1.0 cm.

Stratum #9: Equipment Room Walls and Ceiling
This stratum includes all equipment room walls and ceiling surfaces. A
total of 4 samples were taken to a depth of 1.0 cm.

Stratum #10: Rust Scale
This stratum includes all metal surfaces below the sumps water line
that showed detectable contamination levels. Two samples of rust scale
were taken from ladder rungs and one sample was taken from the west
sump distribution gate. All samples were collected by scraping all of
the scale from a 100 sq cm area.

3.3 Sample Analysis Results

The sample analysis results are listed in Appendix C by individual stratum,
along with the dose assessment calculations. Sub-location codes for
identifying individual samples are listed in Table 1.

Table 1, Data Base Sub-location Codes

Sub-location One Codes
AS = Accumulation Sump
ES = East Sump
MS = Middle Sump
WS = West Sump
ERL = Lower Equipment Room
ERU = Upper Equipment Room

Sub-location Two Codes
A = Above Water Line
B = Below Water Line

EW = East Wall
NW = North Wall
WW = West Wall
SW = South Wall
F = Floor

DG = Distribution Gate
LR = Ladder Rungs

Since samples collected from the middle sump were taken at a different depth
than in the other sumps, all analysis results for the middle sump concrete
were put in a seperate stratum. Although insignificant to the dose
assessment, C-14 and H-3 analysis were performed on 4 concrete samples from
the sump floors to yield a "worst case" type of concentration estimate.

In addition, because of the significant gross alpha activity (100-400 pCi/g)
observed for the concrete samples taken from the sump floors, specific
analyses for transuranic ( TRU) isotopes were performed. The results of
these analyses are listed in Table 2.

11



SD-DD-TI-O11 Rev. 0

Table 2, TRU Analytical Results

Sample Number Units Pu-239/240 Am-241 Cm-244 Gross Alpha
87-81 pCi/g 231 86.9 27.3 379
87-88 pCi/g 228 105 60.8 334
87-122 pCi/g 504 156 39.0 376
87-128 pCi/g 9.3 15.4 7.6 63.3

The gross alpha activity levels yielded a reasonable estimate of the total TRU
concentrations. As a result, specific TRU analysis for all samples were not
warranted. Gross alpha activities were utilized to estimate the total TRU
isotope concentrations for all samples. The gross alpha values were used in
the ARCL calculations and were assumed to be Pu-239/240.

One concrete core sample was removed from the floor of the middle sump. The
core was sent to the Pacific Northwest Laboratory (PNL) for analysis and to
determine the depth of radionuclide penetration into the concrete. Table 3
shows the results of the core analysis.

Table 3, Radiochemical Analysis of Concrete Core HE-7

Sub-sample Number Thickness Wafer (cm) C0-60 Sr-90 CS-137 Eu-152
Surface 0.021 714±30 603±18 2271±66 2381±78
HE-7A 1.10 29±22 5.8±1.7 49+23 <35
HE-7B 0.85 <18 <1.95 <19 <31
HE-7C 1.05 <19 <1.31 <19 <33

The surface of the core was removed using a dremel tool. The core was then
sawed with a diamond blade so that 3 wafers of about 1 cm thick were attained.
The wafers were individually ground, counted and analyzed. Figure 6 shows
a graphic representation of the sample preparation method. This analytical
data is consistent with the results obtained from concrete samples from all
previous decommissioned facilities in the 100 Areas where the ARCL methodology
was utilized for performing the dose assessments.

3.4 Survey and Analytical Instrumentation

Laboratory measurements were made using instruments in the Decommissioning
Health Physics Laboratory located in the 183-KE Building.

Isotopic Analysis

Gross Bet-Gamma

Tracor Northern
Multi-Channel Analyzer (MCA)
Model TN-4000

Canberra
Gas Proportional Counter
Model 2400 (Low Background)

Strontium-90, Tritium, Carbon-14 Pacific Northwest Laboratories
Hanford 300 Area

12
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Portable survey instruments were maintained and calibrated by the Instrument
Calibration and Evaluation Section, Pacific Northwest Laboratories located
in the Hanford 300 Area.

Direct Beta-Gamma Eberline Instrument Corp.
Model BNW-1 with P-11 "Pancake"

Probe

Direct Alpha PAM
Portable Alpha Meter

4.0 DOSE ASSESSMENT

4.1 Scope

Prior to decommissioning the 1608-H Lift Station, approximately 80,000 gallons
of water was found in the facility. The water was pumped out and transported
by tractor trailer to the 1325-N Crib, 100-N Area, for disposal. The residual
sludge in the facility sumps was removed and packaged into 55 gallon drums.
The drums of sludge were disposed of as mixed waste. This dose assessment is
based on estimates of the source term present in the concrete surfaces and
on the miscellaneous below-water-line metal surfaces within the 1608-H
facility. Dose estimates for the 117-H Filter Building and 116-H Stack have
been included in this report in order to provide a current estimate for the
hectare dose.

The pumps, pump shafts, and discharge piping were removed from the facility
and are, therefore, not included in this dose assessment. All drain piping
terminates at the point where they entered the facility. All drain piping
has been sealed at this point and is not included in this dose assessment.

4.2 Assumptions

The contamination present within the 10 strata identified in Section 3.0 is
randomly distributed in each stratum.

All of the source term within the scope of this dose assessment is located
within the 10 stratum identified in Section 3.0.

Concrete contamination in all applicable strata extends to a depth of 1.0 cm
into the concrete (See Section 3.3).

C-14 and H-3 contamination is insignificant. However, the source term
computed for the sump floors will include these isotopes.

All concrete surfaces are contaminated.

The quantity of rust scale present on the below-water-line metal surfaces
was calculated assuming 1 gram of rust scale per sq cm of metal surface
area. This was determined empirically from the samples collected from the
diversion gate and ladder rungs.

14
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The rubble resulting from the demolition of the equipment room walls and
ceiling, and the equipment floors/sumps ceilings were evenly distributed
between the three pump sumps and the accumulation sump. The resulting rubble
was located approximately 6.7 meters below grade. During demolition, the
ground around the facility was excavated to a depth of 5 meters below grade
and the walls above the minus 5 meter elevation were demolished into the sump
areas.

4.3 Dose Calculations and Results

All calculations were performed utilizing the methodology outlined in the
Manual for Applying the Allowable Residual Contamination Level Method for
Decommissioning Facilities on the Hanford Site (Reference 2), and utilizing
a Dose Calculation computer code to compute the source terms, summary
statistics, etc. (Reference 6).

The total mass of contaminated material for each stratum was calculated
based on the surface area of each individual stratum (Appendix A). Because
concrete samples were collected at a different depth in the middle sump,
the analytical data for this sump was considered separately from the other
two sumps and then split into three strata for the purpose of performing the
dose assessment.

The dose assessment methodology for the 1608-H Lift Station considers only
one scenario applicable to this facility, the Agricultural (AG) Scenario.
Since all of the rubble from the structure was buried at least five meters
below grade, the Residential/Home Garden Scenario was not applicable to
this site. The AG Scenario is defined to account for the potential impacts
to an individual from ingestion of agricultural products whose roots
penetrated into the buried radioactive rubble. The maximally-exposed
individual is assumed to obtain 25% of is fruit and vegetable diet from this
food source. Since the calculations for the AG scenario are depth dependent,
the fraction of each applicable stratum was calculated to account for the
various depth (Appendix B).

The deepest portions of the 1608-H Lift Station are the three pump sumps and
the accumulation sump. The water line in the sumps was found to be 6.7 m
below grade. The floor surface of the three sumps was located 11.4 m below
grade and the floor of the accumulation sump was located 9.3 m below grade.
The East and West sump floors represent 55% of the surface area, radionuclide
inventory and dose from stratum #1, and the accumulation sump floor represents
45% of the same.

Table 4 summarizes the results of the dose assessment calculations for the
1608-H Facility and includes the relevant data for the 117-H Filter Building
and 116-H Stack. The total dose for the three facilities represent the
total hectare dose based on the known contributors within the hectare. The
dose assessment values were calculated assuming immediate site release
(t=O years). Detailed calculations for the 1608-H and 117-H facilities are
contained in Appendices C and D respectively. The dose value for the 116-H
Stack was obtained from Reference 5.
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ARCL dose calculations for the 117-H Filter Building were completed in 1984,
and documented in Reference 4 (Section 6.0). The ARCL value for the
117-H Filter Building was calculated for the RHG scenario and was based on
radionuclide concentration and not dose. Therefore, the dose contribution
from the 117-H Filter Building required recalculation utilizing the revised
methodology documented in Reference 2. Since the majority of the 117-H
building was greater than five meters below grade, the recalculation was
based on the AG scenario.

Of the three facilities considered for the overall hectare dose, the only
site where a resident could encounter contaminated rubble during the
excavation of a home foundation was the 116-H Stack burial site. Therefore,
in order to establish a reasonable estimate for the total hectare dose the
following assumptions were made:

Only the 116-H, 117-H and the 1608-H facilities contribute to
the total hectare dose.

Only one residence would be constructed in the hectare.

The residence would be constructed over the 116-H burial site.

The total hectare dose is therefore, based on the RHG scenario for the 116-H
Stack site, and the AG scenario for the 117-H Filter Building and 1608-H
Lift Station.

5.0 CONCLUSION

The 1608-H Lift Station was decommissioned and demolished in situ utilizing
the ARCL methodology. According to the ARCL methodology, the final site
dose assessment value shall be based on the source term contained within the
surrounding hectare. Since the source term for the existing structures and
burial grounds that lie within the hectare surrounding the 1608-H site are
not known, the final site dose assessment cannot be calculated at this time.
However, the radiological contribution to the site dose from 117-H and 116-H
burial sites, in addition to the 1608-H site, can be accounted for. This is
accomplished by summing all estimated dose from each scenario and site. DOE
guidelines state that the annual whole body or organ dose to an individual
living on the site at the time the site is released shall be less than 25
mrem/yr. Therefore, the final dose assessment for the hectare must be less
than this limiting value at the time the site is released.

The results of the dose assessment for the 1608-H facility represents a
"worst case" contribution of the source term at this site. Therefore, the
dose to a maximally exposed individual from the 1608-H burial site was
estimated to be 0.026 mrem/yr assuming immediate release (time=O). This
exposure rate is well below the 25 mrem/yr limit, therefore, no source term
reduction was warranted and the facility met the criteria for in situ burial
The total dose for the hectare surrounding the 1608-H Lift Station is 4.85
mrem/yr. This exposure rate is essentially the estimated value for the 116-
H Stack, the contributions from the 117-H and 1608-H facilities being
negligible.
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APPENDIX A

Stratum Area/Mass Calculations REF: Drawing P-1239, P-2089

Stratum #1 - SumD Floors
Accumulation Sump:

Surface Area = 405 ft2
West Sump:

Surface Area = 159 ft2
East Sump:

Surface Area = 159 ft2

Total Surface Area = 723 ft2
Mass of Contamination Concrete = 1.61 E+6 grams

Stratum #2 - Middle Sumo Floor

Surface Area = 156 ft2
Mass of Contaminated Concrete = 3.48 E+5 grams

Stratum #3 - Sump Wal ls Below Water Line
Accumulation Sumo:

Surface Area = 737 ft2
West Sumo:

Surface Area = 793 ft2
East Sump:

Surface Area = 793 ft2

Total Surface Area = 2323 ft2
Mass of Contaminated Concrete = 5.18 E+6 grams

Stratum #4 - Middle Sumo Walls Below Water Line

Surface Area = 792 ft2
Mass of Contaminated Concrete = 1.77 E+6 grams

Surface Area = 2192 ft2
West Sumo:

Surface Area = 939 ft2
East Sump:

Surface Area = 939 ft2

Total Surface Area = 4070 ft2
Mass of Contaminated Concrete = 9.07 E+6 grams

Stratum #6 - Middle Sump Ceiling and Walls Above Water Line

Surface Area = 939 ft2
Mass of Contaminated Concrete = 2.09 E+6 grams
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Stratum #7 - Lower Eouioment Room Floor

Surface Area = 485 ft2
Mass of Contaminated Concrete = 1.08 Ed+6 grams

Stratum #8 - Upper Eauioment Room Floor

Surface Area = 475 ft2
Mass of Contaminated Concrete = 1.06 E+6 gram

e Area =

Outside Eauioment Room Walls
Surface Area = 1816 ft

Upper/Lower Level Eauioment Room Wall
Surface Area = 160 ftT

Total Surface Area = 2936 ft2

Mass of Contaminated Concrete = 6.55 E+6 grams

Stratum #10 - Contaminated Iron Surfaces
Ladder Rungs:

Surface Area = 3308 in2

Sluice Gates:
Surface Area = 1536 in2

Total Surface Area = 4844 in2
Mass of Rust/Scale = 3.13 E+4 grams
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APPENDIX B

Agricultural Scenario Depth/Stratum Fraction Calculations

Stratum #1 - Sumo Floors
Depth = 9.1 M

Accumulation Sump:
Surface Area = 405 ft2
Stratum Fraction = 0.56

Depth = 11.3 M

East and West Sumos:
Surface Area = 318 ft2
Stratum Fraction = 0.44

Stratum #2 - Middle Sump Floors
Depth = 11.3 M

Stratum Fraction = 1.0

Stratum #3 - Sump Walls Below Water Line
Depth = 6.7 M

Stratum Fraction = 1.0

Accumulation Sumo:

East and West Sumps:

Stratum #4 - Middle Sump Walls Below Water Line
Depth = 6.7 M

Stratum Fraction = 1.0

Stratum #5 - Sumo Ceilings and Walls Above Water Line
Depth = 5 M

Stratum Fraction = 1.0

Stratum #6 - Middle Sump Ceiling and Walls Above Water Line
Depth = 5 M

Stratum Fraction = 1.0
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Stratum #7 - Lower Eauioment Room Floor
Depth = 5 M

Stratum Fraction = 1.0

Stratum #8 - Upper Eouioment Room Floor
Depth = 5 M

Stratum Fraction = 1.0

Stratum #9 - Eauioment Room Walls and Ceiling
Depth = 5 M

Stratum Fraction = 1.0

Stratum #10 - Contaminated Iron Surface
Depth = 6.7 M

Ladder Rungs:
Surface Area = 3308 in2
Stratum Fraction = .68

Depth = 9 M

Distribution Gates:
Surface Area = 1536 in2
Stratum Fraction = 0.32
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+4 46c-09

+S.'J4E-G9
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^
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+2.2^E-:^8
+:•.b:^-QB
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',:d 1..^P 4,Lu T ? _:';E

LGT.-.^ .ct-

.

J. ..c n 0 1i'2f .'!S

77^ a.. S I !l :cH

f,Ta IES OA;L;,CLE

AT- :w,"f+r a: T +' _-';

X-' T•";

,4-3 K ,L:^®

5'w 6 '.i0-i.,x ?'-i:,_a

S S._-C .4bCi

C-12



SD-DD-TI-OIl Rev. 0

IT%'L`'i

... _r. . -. .Nr.. ^.

..-7 +';1

+1, +,

„Ft^'C +2,:'E'^Z 5:^+ 2

4h';:cGwl

-:?7 >L1CE+91 - c:`,}Ei^m +6.1`,E.;:'^

+1.49E+41 +1.05EH)1

E1} 1.4 !N1-IA UATA 'JALIIES AVAILALE FOR TH IB ISOiOPE

;nM 4?h1 DATA VT11E5 .aVAIL4C.E FCR TH IS :30T02E

I L-Ga ..: nm

17...<^.^

C 5,) d.14E^?? 2

_ c_1^ 1?, .

11-154 'YrIN51EFICIENT DATA 0

NA-IqS,fFiC;ENT DATA

C-14 n-M) +9.99E+()2 .

--:4 M_11
_

. .-. -.--'.4 iA-:^•'.YFI'.:_41 ^ATA

:-:4 _-.n

-
:tt3rriC'.r?iT DATA

- '-''-:. . .- -

'4A-:k`v,FFIC:E4T DATA

_=;:;5 ?L"4i tLA_l!;E^'FF?C:EtiT

,45{4)2

5.. K-02
;arINSiJM';I2d DATA

-;Y) M-tGE kF'ro1 iA:!nIFFICIENT DATA J

CJ +IAUNt

CS-_'7 r_54 1+lt-i!^:FrF?C:ENT DATA
,T ^M_^AA-IHJJFFIC:::7, -. i,

52 Eu-!54 RA-Ps.FFICIENT WA

nLF WI!["IFFICiENT DATA 0

E_'^ iM E::wS 41Fro9 !dA-I'YS,.FFICIE4T DATA 9

W. li Sn!^„Lp :Ui;C4: G^i'ILV.1% ..... 1317_L

. +LL{T•.:0

+I;[f,+3

+! .94EK11

+2.96E+07

i:L`^:7

+s,24E«4R

+4. `,^:[i117

+l.i`E+07

+1.86E+U7
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E •e ,.^ ; _a A
=' --z"

_ : :" _ -=F:"'L'

",_ . ..:._

-F '-[ i T r9rF:fi'.i °-I'E : +7 ^:EC•^'+T "^C+j2 F'x.

-,-- -:rT^cCR•FECTI3Y) ra:TDP 19 .
s-"will

(CSE FACTat CC'FKCTED DE:MY
ISOTOPE ( res/yr/pcil DOSE FFCTOR CRST.(year+)
N-3 +2.10E-14 +7.34E-18 +5.50E-02
:-14 -.10E-14 +1.5:E-:8 +1.:'1E- i)A

+6..7r=-15 --.'4E-12 +1.=V-0 1

'^i::5 UNa -`in'."• liin '.':i.`S _niST FJR THiS iwiTlFE

DECAY
FACTDR EST. DOSE(rm/yr) S.D. DOSE(rer/yr)
+i.A7E+00 +9.07E-10 +2.99E-10

+1.00E+00 +9.55E-10 +2. BE-10
^+_•^?7E^)7 +S.06E-419 +7,57E-10

+I.^^:E+?^) -a.,'iE-^!8

+1.1v*Y) 4.6'E-!1 .. E-11
.r,¢+'ui

UCL MSE(res/yr)
+1.28E-O?

+1.'.:E-)9

+4.'T-(r3

'n':n1^C'.c TEruY IS +7.`+E-117 (reoivr)x

_ . '.MUt{A ^ [=:"_E i3 +8,5r;E i 5 (rea; yr)x

Al ,. TO'°1 Ka :S 7 r^ior
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.... -c.2w -t.b eii- ,7^,c rA'En Cv

-)7 4.. . 27 aCp 1

76 1,.5 i37 15JDi ^. ',•+^-^ ^)-.`': ^tl;[® ? r=`! ^:

, . .,"• i.7 Ic:•2N : c'r^ ... .ti ^^,;n ..;.4E+T S4

:7-7 ?4/47,'.i .'::d4 .C (A:i,'gn S;c+1 71.8

67-ii6 44/09/87 160of ES k^1 SG .5C Ci/ga LTSE+2 103

87-127 04/04/871609H ES EM-F GSa.SC pi.i/gs 1.30E+2 301
t-vp DATA V^ LES AVAILBLE

^_f ^N

!.i P EI 5.:: t .

o7E+: 1.26E+ ...:6

7.5llc+^

4,54E+2 2.;'E+2 t 7 .^43 t t

1,40E+2 8.84E+1 t 48.25 t
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-.`.aE?02 ;1.l5E?p2

t^, `1 ,.:;!.:Ewj? _3CE*;? ^9.v^EMl1

b.;3Er::1 5^T+ol

5: +3..i7E+V1 ?2.Soc+01 +1.05E+01

EL'-1`'3 t!A-NO DATA VALIES AVAILABIE FOR THIS 1SOMPE
!:nC;; kFW7 NA-NC CATA VALIkS AVAILAB.E FOR THIS ISOTCfE

_,'SFta!+CE TEA7S

I:'MT{^ r

"J-66 iS1E^)5 6

-17 1.5ic?14

Eli-154 'rA-INSIFFICIEIn DATA ;)

G,aS YFf59 0,-INSLF?C1E1T MTA

0-14 sT,-90 +4.7M+r.^q 6
:--? C5-17, +2.1."-F++k .,

54

M, ^Llc',k. :Lr;Ns.FriC:EYT DATA

fL^-l`: [NS_ffIC:Eh'T DATA
i^aA ^W-I!"-.`rFiCIE^^? :rTA n

52E+0

S - _ EC-i54 !49-1`GUFFICIENT DATA 0
,L'FI'A "Xfi-IN^'„JFfiC;E,? "' TA 1

-_-.- 7t1`,d :W1-ik>,iFFIC'.BIT h;TA )
!ICr?S.fFICIEfT "mTA

„-t52 CL^1°,4 dF-:NShFIC:ENT DATA
E' -1' G"Ca At.P4A 114-I%OkT:CI7I' DATA 0

5".M ALNA •tA-IPi5JFFICIEN DATA 1)

fJ. _f _jN4SryL5 KIiJ'.Lr:TG.MI^El) S.D. !;,a

5 _.'.3Er+j9

b +!.6:f*r; ^8,4;E++:^8
;'E«;S 1.32E44)9

+1.8;E+09 +2,96E+og
i +4..`,F.EiN 3.4'Z+08
6 +3,33EM +9,5zE?()7
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_-- . ;.._. ,3.1 : - L..,-

'I T

.:_.

_ . . :. ;^ ' .^ . ^'Si+. r•5.i1 Fn

.., ^ .'E ;_ . .= ;ir• r c ^^ _'. F+^ 'v«_^:1

f '. TL(; ;S-1EfE710Y - ' cF I.

._"I_9 OF _bui IN ^IhiIC = .

DO"' FF^Ofi CCAMCTED OEEAY

1SOTG7E ( redyr/pci) DO5E FACTOR G1NST.(year")

N-3 +2.10E-1; +9.29E-17 +5.60E-02

;-!4 2.:OE 13 9.2?E 17 1. OE-1)4

C:LSn +6.,'C!E-1` +2.47E-i1 +1.:iE-71

^ _, •:,^7E-1' ^..';E,:!.

-_ -... _ .- .. .. !- -.._,.-._

T4I i".ri

N^ "Ta '.^;s5 EX:.T FE,F7IS iSl'TSFf:

if.CAY
FACTER EST. <b5E(res/yr) S.D. EqSE(rea/yr)

+1.00E+00 +2.21E-07 +1.6bE07

+I.OOE+00 +1.54E-07 +7.S1H?8

1,^iriEN^ 1.17E-^57 ^.91E 03

i,C.f+M +i.-+E-:?5 7.1 E':6

+L.^+;{+(4 ^LTtiE'W +l

UCL DfSE(redyr)
+?.34E-07
+2.:wE-77

+l.b'E-07
..pE-5

a -;.:,ri2

: m;;:E Ex11 IS +».1:E-:2 Irca/yrjz

:"^ 1S'5.`.'.E-i1 Iresl7ri:

77;L IS +7.45E-<5 r-alrr
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cr'iL :AiIi:Y SJF --1c- 3iYf'LE ':ilT;i hi-: 4 ?. __

4GV,67 '$ ^'^-1,CI t =`.E»I ;3E+1 t :1 i

. Oqi-^ '•'u-i 6,21 2 I

. - ^ :nTn 'n:.:':i
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_ . n-y ^^^1 _... C Y I •^" la I __ _ . .. -.^1!

_^. ^.L^_ . a•i.'1 _ ',ln- _^ ] . ^'.'G _S

h.7EcjJ

5, +`..'tM17

-=11 +t P,rp,E*F.

;-1-' •:A-!^1 DATA 1MJ;ES r,. E F^:, T!II8 iSuTrc£

E^.-:52 +371Ehr) +4.24E«k) +3.UY<++Xl 2 +6.71E+(ih

EU-114 hA-NO DATA VALES AVAILA6LE FOR THIS ISOTOPE

S,M;?S ;LFHA kR- MTA VALIES AVAIL;NLE FOR THIS I60TOFf
2T4T:5TICA1 VALLES ARE ESTIMATEI) BY AS9lIINB TNAT TIE S.D.=).((jVGtl W 1 DERff OF FF^

STATIET:=i.V'liki ARE E5TINTED EY AaU11NG iHAT TIE 5.0.^).(XVE`H' nYG 1 CE5ZEE OF FFffCCi

; FI.r.'^ ^nwS

="•G i;UL",fE WlpCi/gvl' M,'1FEF 1^ SAl^^S
P-'4 iCI1.NT DATA*erIOr'F[[

-1f !^n-rN .k,l! C:_YI b%IM

'W-iF5LFFICMNT DATA

1;A-:hikFlCi24T DATA

3 1`.;= ^A-iHE'4FICIENT DATA

Ent)',S 'd.Fri; NA-IY5UFFIC:ENT DATA G

1 .

- ]l'V

^W
^[I bI'p

11^-1'N^LL:1•TfYIN

-! % u'FPILiEfT ?;T„

!`.. -..2?E^)1

_^=.TA .

= 4) „,- n ,I•J_i IC:Er'T "ATA .

CrTA

_.^ i

_MiA

V= . ^r.. Ivi-;IISsriFiS'1T iniTn

_, . =}152 .b?-iNc„k'FICIENT LWTA

r;A-:CFFiCI?7T DATA
S"-5.i aJ"HA 'ei-INSLfFiCiRT:FTn )

DATA 0
7, _U-194 IM1^JFFICIE+i DATA

i,n'-.5 f4FFA Nv,-IHS,FFICIEYT :A TA 0

_^. l52 l 1.`4 Vi-I'JFFICIENi ifiTA

lPi-152 MUSS AUNA KA-II,"^,FFICIENT C,.ATA

ED-tS4 56R^c iiF4!A 44-IhSI'rFIC1ENT NTA

i ; ..•::)

. ^Y.i
M,^V1E+:11

+h.TE+tM
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-:'-5 JF6`_='?sJ F _T_:R IS -1.;?E^.'1
_ -Trv 74TECT1Ni R{Tu; IS ;

DCr•E FACTOR MHCTED OECAY
ISOTOF£ (remlyr/pci) DOSE FACTOR C016T,(year')
4-3 2.i0E-14 +3.77E-11 +5.60E,0'
: la +21.10E-14 +3.17E-17 +1.20E-IW
:0-x^ +c.7(^-15 +1.2!]E-17 +1.:.pE'01

SrTC ';tL;Ei EYiS' r^_, :aU.'"EF:n rad

l 'nl^ '.w^fLL;.^:T !

„ 'A NO ATA r4L,ES E%I,T =x THIS ISCTiFE

GECAY
FACTIXt EST, M(reik/yr) S.D. DOSE(reJyr)
+1.00E+00 +„'1E-10 +0,00E+00
+1.'X)E+00 +5.OIE-10 +1.69E-10
+1.:M.x_+pl .1.3,^-10 +! ;iE-10

«).:;iJE+(N)

ta.cl^G'.ILI 1^ 'L.JS£ i.

Itu. DOSE(rei/yr)
+2.21E-10
+7.18E-10

10

r;x

.v'iti^:n3-C tix rTr=r IS

LX dl.Y .j +rf. iZ-:v IrEb/Sr,i2

.._^ s 'TF,L '=:C^ 15 +7,?:E-?5 racl,r

C-20



SD-DD-TI-O11 Rev. 0

7 :

'nCv'i..

09r1;!5' t^o6H ^=.L F :c0-!.:h c0 . .`.qrp i ! „^l 2 •

i -:"^ "n'n 'r'r'?C_iF^ ','Aiu•.[ai
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di

^E.,XI b r:'1 ;c )1 :'.6`f+Ch
aE,'.^'!Ml (..^+:^h

'^:1-4A7 inTA'JdbES 4AILr`4LE FCF 71ri'S IS)TuF£
,,: ... 4n^0 :'YTn'JALI.fS VAII-Ac-E FLR THIS IjJT'xC

.,,iE+90 1,50EN)0 : +5.OiE+08
EIJ-:5d t1q-Pp DATA VAlLE5 AVAILA&.E FOR THIS ISOTa'E
;MTS =1F1iA '+A-ND DATA VALIES A6'AILABLE FCdi THIS IS7ICFF

tw-IM"^FFICIE^? L^1'TA
iATA

I`.d .•W-IM1WFICIE4T CATA

;rr:a '+..FHA 44-IIv-FIC:E!!T SATA
. C-y1 2.55E^ x1

ER-40 WA-IkSLIFFICIEI{T DATA
'+A-'.NShF.CIDT DATA

E: 1S2
-:`..i DATA

rL'-Y; YArl!CiLMC:iI' irTA C

_ _ _r.. ii L'^wF^.^•n+ ^.A

hbi'-i6^^FICic^^? DATA J
CE' JFr'd AriIaJFFI:.B.i7 DATA

^- , .. ^^-^hGX :CIEPff DATA
°,^-A

w-inoufrIClEi, i CiimTn J
aL%nA i^rlA'£^iCiE^dT ;'ATA

.^^
^ ;n--RC^FF?CI21T C;`:A

: =_-1`.+ a-:49hFICiE?^T A:A
^L=d4 !iA-P^'7XriC:E'r!T DATA

'a-IN:'_FF ICIE4T Q
5F^ fifNa rlrIHSLMCIENT NTA 0

4-:=r'A NA-IhUFICIENT DATA )

«'5

+l.ci+46
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7:

T ° Etila

..1 a

[ ' '

^'C7;C TC `IS + E J1!^

;rp,SCTIAV Fff:,`.R IS 1

.._-V '^ i.F^T!^'.:-z'"'li 1tJ 3.,••i"r4'iiC

DOSE FaCTOR CMRECTED DECAY EECAY

; 33TOFE ( reJyr/pci) WSE FACTINt CONST.(year'') FaCTUt EST. LpSE(rt+s/yr) S.O. DOSE(res/yr) Url- UOSE(r!a/yr)

4-T, +2.10E-14 +2.97E-17 +5.6,'k^)2 +1.00E+40 +1.70E-11 +1.:-10

;-14 *210E-14 +2.?7-li +1.2.rE-94 +1.(X._+G +7,i7E-11 +1.45E-11 !9.32E-11

3 'A 7,7-1` +9.47E-13 +1. Cl^ff *1.LYE+) +6.7iE-11 +2.>'SE-l1

F^.,'S :^T'T,'^ uFTa':PLL^ES EY'ST 'u

+

-.I. i4T'.Fyi.. '7'<i TIS !K--PT_

-"-Al„ -;A '447 DAIM v.LI,rS Fx:ST rrn TaIS 1S7T3rE

_ ._ .'_^ [^ .`.^f-C•' rox'.:^

-- ..'E [.c_ ^^^'1 ': •i.: =--^ .r=+;^rj^

r ')"9E 13 +2.;}}E-21 lre9/yrl2

.._ ^l T^TnL -x IS +3.ic^-10 reaivr
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F_. ._._ ^ _4:T£ i-7. 17,

37 ;9 c„+ .N E1J r!.iC o 0 :"O

_0- t;^c pc:r;2 1.:!E0 '.,il

) pSTA 6JaIl-_,2LE

C-24



SD-DD-TI-OIl Rev. 0

. ".ft ' ^ F :;U J,T -

. . _._ -.._ie.lv..:' - .. _... C.:.1.'.791 . R :.Y6Yti0 J:Jd ..^fal'LLl)

15

:^"_J'E-v. -•,?^-+:d+1,:7 . +i.:f.•E^;^S

tiR] DATA F'rGil„cTc':n T^15

'ia-hYi AATA':ALIU n'41i=i:E i(',R "r1IS :SETI.^FE

E11-1514 +7,7 lE++k1 +2.I1K10 +1..11E+00 < +A.17E+06

EU-154 `7A-!q UATA'JAL1LES AVAILABLE FOR THIS ISOTOPE
EFr„ Af41A 'IA-+q DATA VALIIES AVAIL,18L.E FOR THU" IS1TOPE

;;ATISTIC L'•.'ALLFS ?FE EST; ATED BY ASSlC1IN6 THAT Tff S,S .-),IKltlf;dl AND i SEStEE OF FFEE"

^E ^ „ -^-;•

msn:,r4-'i1:53 ^iyJC.^ ^'_^fyELL]

?,4- :N'-J.MCIENT DATA 1

--. : -.. :'<q-!,•iT^tE:.'-.'iT DATA

-. _^ l.i ^•ef-:^r^'riC!E:IT .

d ; E'J-:S<
0-[A''Ur7ICIEYT :4TA

AIfMA ibrlH>;,fFICIENT DATA, ?

, ra-I6'SUF'FICIENT CATA

C-i4 SB-9+; tk,-RNFi'FIC:@!T DATA

•:a-: ;F''ICIEhT ;ATA

„"LfF'.C;^!T

}:.TA 1

.,, :o .. :`.^ 4-:'b"lM,ETT .. TA

. . __-:.`. s^IC.ENT Cn A
T DATA

p" : : . Ih'S'x:ICE:IT LwIA
I^;N-:i^rtE),'T DATA

orl-kFIEIENT DATA

c^Oi -or(n ':lri!'v:riE:urT )nin

" 'iA-I!Jx.fFICIE'VT iIATA

-r_:. PJ-i94 '•'A-i'.':-.;'^'FiC;EifT ;ATA 'J

7m ki}h1 YA-it15h?ICICfT )FTA 1)
A 1M15kFICIE-fT DATA 13

EJ 1:_ FS ^FHA ,yA-It,^f^"i',fFICiE7' ^Y'.TA 0

FF75 "vFNA \«a-IM1'^_'FFIC;EdT CATA )

^.p. u'LY.P^._C 7cT7u:I

+1.55£•46
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__.--.__..__.:''I':;:•-r;ft:_ _.:_E-::'

_., ? - __ ..:• i^:"i . . ... +^.41E,i'. yC . c!+4.^_EMQ = t°, :4.4_E,i1M21

CT::^ii Fc:TG^ i 5 *1 "k-71

iXTG;. :'REE7I04 Ff T_n 15 i

OGSE FACT3ft CWCTID QECAY
i30TLFE ( redyr/qci ) DOM FACTOR CQFiT.(year`)
4-3 +2.10E-14 +2.95E-17 +5.60E-02
:-14 +2.!0E-14 +2.9E-17 +1.20E-rH

+6.7(1-19 +9.41E-!3 -1.:.?P)1
-r;A 5'7 "ATa LE, EX:;T f;F ?'ai5 IS^JT;-^

- , 7A 8:11&S EX:,. 7'!F'. iu?S .327.

i!nTn 'd^L'c5 EIIST ,':n =:iS IS]Tc'`'r
? i -\!i +:iL DiTa 'JaL':ES cXIST i7 THIS ISOTurE

DECAY
FACTOR EST. DOSE(rmlyr) S.U. DOSE(rea/yr)
+1.A+00 +7.39E-11 +3.61E-11
+I.!1GE(Kj +3.85E-11
+1.:N?E+(n +4.72E-11 +M+)E«xi

U0.. D0SE(res/yr)
+1.c'OE-1U
+5.77E-11
+d.72E-1i

--^^¢^^•Oµ^ •.^s !Cr _o ^ .__'2 ^'Ep/Vrl^

;EE.E iS +5.Cdu-22 (rea%y62
_C_ TCTZ I3
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- ."- . ;T,;_5

(4,37 !c,-^i -71 ';etl :cr..':c

U+; l'; .7 16!)iH cn: 14 '..:a: pC:; ya t

','r'i DATA A'UES aVnILAIE

-.}-li. ._

n! :a

4 t^^':) , I ... t .

. 2 2 . 2 S 2

64 CFL 2 ^..4^ t t

:.!4 :NO t I !!;.:2 f I
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. . ^ ,:^. ..'iC.ir'.::;.31 -..^....1j.B'' c._. ''^•';si

Na iATA 'N^1{: n'v'Allj•i-: FS$ THIS .u''.=[

MJ C''.T5 4^:L L£5 "n'!AILtiLE "Ci ? iS

:..--. !i4--^ pATN ';CUZ EV^1L^E^E FN `'15 ;iliTr£

CATA :'ALJES CVAILABLE FCR THIS ICOPYE

i4.97^i1 +5.68"cK11 +3._oc+r)1

E''J-154 NA--NO DATA VAL'JES AVAIURE FOR THIS ISOTCPE
GROSS ALFHA NA-NO DATA VALLES AVAILACLE FOR THIS ISOTCZ'E

.^;nqi^`aI_^ TEFMS

._. . _ ii^.r.-c .... Cs1'CfF:l;'y01^ «:;^ '^ =,v,FtE3

In-Ilx;ur'FiCic T DATA

2 Ti ^IWIF:IC,EvT CATA

r-. "5-°^. V;-lA^_NrIC1elT DATA
A-rrwML:TR DATA

ttA-I`fak'FiCI54T DATA
qM54 NA-INSIfF!CIP-tT 9ATA

= w^SS f{fHA t^-Ih'^fFICIENT 7ATA

'A

7-96 Ni-iha'VF1CiQ;T DATA
,^dFICIENT DATA

;"_fTiL:cli

L F iN£1^F'C1E?rT DATA
-lEd -iI7S F ILia1T DATA

.C .. RrE ?LF?-'A !e%-I6'SLrtr,lE6T CFTA

.,.--. :., ^lrM;.'rF1CiENT DATA

`_.: 1P1 Id'i-Ik1:FFlL:LNT Li.TA

:r F ^ ;,L`rA k1-IHSLF F lT ^q'AIC;R
..i ... . -^ ^v^

^- r'f-

Illf^iNXr1CGl^I IMIM V

a Cw dFr'e A-ik5^ iCiErT DATA
E'r152 EU-1`A A-INSJFFICIE.9T DATA
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